Nest architecture of Ropalidia romandi cabeti was described, based on 2 incipient (an active and an abandoned) nests and 3 developed ones. Developed nests were spherical, or hemispherical when built under flat surfaces, consisted of several to more than 10 horizontal combs with oval or irregular shapes. Each comb was suspended by many pedicels from the upper one. Since several combs were simultaneously constructed at the same story, they often produced irregular interconnections that caused complex stair-like, or "semispiral" structures. Combs were entirely surrounded by an outer envelope with a small entrance hole at the lower tip. The envelope was probably constructed after the first group of combs had been completed. Materials for both cells and envelope were plant fibers glued together with salivary secretion. The surface of envelope was more thickly coated with the secretion than cell walls. The largest nest had about 30,000 cells in more than 10 stories of combs that had a surface area of 1,933 cm2. Its dimensions were 21.5 cm in longer diameter and 17.5 cm in height.
INTRODUCTION
The genus Ropalidia is endemic to the Old World including Oceania, and is one of the largest polistine genera, comprising nearly 130 species (Richards 1978 ). This genus is unique within the subfamily Polistinae in containing both independent-and swarm-founding species (Jeanne 1980) . The majority of the former group (subgen. Icariola of Richards 1978, etc.) have relatively small colonies and construct uncovered nests, while the latter (subgen. Icarielia, etc.) have large colonies and covered nests. Architecture of Ropalidia nests has been described by some authors (Carl 1934 , Vecht 1962 , Richards 1978 , Yamane and Yamane 1979 , Kojima 1982 , Kojima and Jeanne 1986 ). Kojima and Jeanne (1986) discussed evolutionary radiation, focusing on the subgenus Icarielia which mostly build multiple combs entirely covered by an envelope.
As part of comparative studies of nest architecture in Ropalidia, the present paper describes nests of a swarm founder, R. (Icarielia) romandi cabeti (de Saussure), which is one of the commonest species in Queensland (Qld), Australia. A developed nest of this species was photographed by McKeown (1942) , and the gross nest architecture was described by Richards (1978) based on one vacated and two active nests collected in Qld. This paper adds more detailed data based on quantitative and SEM observations, and outlines a possible developmental process of a nest.
MATERIAL AND METHODS
Nest RM841 and nest RM861 were collected at the same site under the eaves of a concrete building of the School of Australian Environmental Studies, Griffith University at Nathan, Qld on 4 September 1984 and 3 October 1986, respectively. Another nest, RM862, was collected among branches of a mango tree in the garden of CSIRO on the Atherton Tableland, Qld on 13 October 1986. For these nests, the outer and inner structure and population parameters were examined. An incipient nest, RM871, being just in the process of founding by a swarm, was observed on a palm leaf Gross architecture: The nest was a slightly compressed hemispheroid, consisting of more than 8 horizontal combs, which were interconnected with many ribbon-like pedicels and were entirely covered with an envelope. The diameter of the nest at the base (including envelope) was 29.0 20.0 cm and the height was 12.5 cm. The number of cells was estimated at 23,880 in more than 8 combs, and the total comb area was about 1,570 cm 2 (Table 1) .
Envelope: As in most Ropalidia nests, the envelope consisted mostly of single-layered (partially double-layered) lamina, made from carton (a matrix of plant fibers and fragments), of unknown origin. According to SEM observations, the material contained long single fibers, imperfectly split fibers, and non-fibrous matter. Some non-fibrous fragments were thin and had regularly arranged minute pores (Fig. 3B ). Both sides of the lamina were so thickly coated with wasp saliva that the fibrous structure was almost invisible (Fig. 3A) . Color of RM841 was uniformly light gray, suggesting that wasps foraged for the materials from the same kind of source. The envelope was constructed independently of combs, but connected to some upper combs with ribbon-like pedicels. It was not imbricate but weakly waving all over the surface. A round entrance hole (10 7 mm in diameter) opened at the bottom tip. Combs and cells: Combs were horizontal and flat, but occasionally uneven combs were caused by spatial and other factors such as fusion of neighboring combs. Combs even at different stories were often interconnected and produced a complex stair-like structure RM861: This nest was collected in 1986 at the same site as for RM841, but judging from its small size, it was probably not reconstructed by wasps of RM841 that escaped during the collection in 1984. The nest contained thousands of wasps with multiple queens. The structure was essentially the same as that of RM841, except that all combs were horizontal and fiat, and mutually unconnected. Most of the envelope was double layered and an entrance hole opened at its bottom. The color was the same as in RM841. The nest had a total of 5,613 cells (1,306 cocoons) in 6 combs (Table  2) . RM862 (Fig. 1D, 2B ): This nest was built among branches of a mango tree and was the largest among those collected in the present study. It had more than 5,000 wasps, including multiple queens. The architecture was slightly modified, affected by the substrate to which it was attached. The nest was spheroid with a diameter of 21.5 cm and a height of 17.5 cm (including envelope). The envelope consisted of double (partially single) layers of laminae. The top of the nest was round, with no particular structure of reinforcement against rains, such as a roof cone seen in vespine nests (Yamane, 1992 (Fig. 2B ). This apparently resulted from the building of the nest on an uneven surface. The first comb was probably built on the underside of a mango leaf. The shape of combs was very irregular. Total comb area was estimated at 1,933 cm2, and the number of cells at 30,010, of which 4,310 had cocooned stages (Table 3) .
DISCUSSION
Our observations on the architecture of R. romandi nests are consistent with the description by Richards (1978) and a schematic representation by Kojima and Jeanne (1986: Fig. 71 ) of the same species. Richards (1978) stated that in the upper half of a big nest, which had about 130,000 cells in approximately 17 combs, much of the structure was semispiral. In the case of our nests, such a trait was recognized only in RM862, that was built among tree branches. This type of "semispiral" structure is also seen in R. lib   334  80  21  12a  275  13  18  12b  376  95  24  13  984  140  63  14a  79  0  5  14b  181  0  12  14c  37  0  2  14d  69  0  4 Total 30,010 4,310 1,933 * Number means the storey at which combs (a, b were situated. Combs at story-1 were probably built first, and small combs at story-0 were built later at spaces above story-1.
[Vol. 101 montana (Kojima and Jeanne 1986 ). It is not identical to the true spiral type, which is seen in Polybioides raphigastra (Vecht 1966) and Agelaia areata (Wenzel 1991 , cited as Stelopolybia areata: Jeanne 1973 , at least the latter of which constructs nest by sessile cell initiation on the substrate. To realize a true spiral, wasps must always add new cells at one advancing front. The semispiral in R. romandi and R. montana seems to be realized mostly by irregular interconnections of combs that were initiated simultaneously at several points on an uneven surface. Carl (1934) and Wenzel (1990) regarded R. montana as making helical combs, but these combs are not truly spiral in the above sense. In vespines, usually a single new comb is initiated at a given story, mostly at the center of the upper comb, and such a manner tends to preclude semispirals (Matsuura and Yamane 1991, Yamane 1992) . The nest architecture of R. romandi is essentially similar to that of other species of subgenus Icarielia so far observed (Kojima and Jeanne 1986 ). Each comb is simple, and as in the genus Polistes and other polistine genera endemic to the Old World (Parapolybia, Polybioides and Belonogaster), it never builds double-sided combs with cells opening to the opposite directions and sharing a common base. One reason for this may be a meconium extracting habit of adult wasps in these taxonomic groups (Jeanne 1980, Kojima and Jeanne 1989) . Wenzel (1991) , however, stated that there are over 600 New World polistine species, none of which remove meconium through the back of the cell, and yet only two species (Agelaia lobipleura and Mischocyttarus pelor) build double-sided combs (Wenzel 1991) . He, therefore, considers that there is some phylogenetic constraint separate from the hygienic behavior that prevents them from experimenting with double-sided combs.
The absence of two size-types in cells may reflect weak morphological caste differences in this species (Shima et al. unpubl.) . It is also consistent with all the other Ropalidia species so far examined (Kojima and Jeanne 1984) , except R. ignobilis, a Madagascar species. Although R. ignobilis dwells in small colonies, it exceptionally has pronounced morphological castes (Wenzel 1992) . The occurrence of two size-types in cells is common in the subfamily Vespinae (Yamane 1992) .
SEM observations showed that the entire surfaces of nests were coated with salivary secretion, but the coating was thicker in a nest built on a tree than those built at sheltered sites. The thickness of the salivary coat might be related, at least partly, to the amount of rain to which the nest is exposed. If this is true, wasps nesting at places or localities having heavier rains must invest more in pro- ducing saliva, which involve proteinous elements as shown in Polistes metricus (Singer et al. 1992) .
Based on the present observations of nest architecture, the ontogenetic development of a nest in R. romandi is tentatively estimated as follows: (1) Several combs are simultaneously initiated prior to envelope construction (uncovered stage, Fig. 4A ). (2) As the combs are expanded, they are fused together at their growth fronts and, thus, produce larger combs. In the case of our nests, the envelope had not yet been constructed at this stage. In contrast, Kojima (pers. comm.) observed that in some nests of this species the envelope was constructed soon after the first comb was initiated. One of us (Y.I.) observed an early nest of this species in 1993, and noted that it had not yet had the second storey of combs, but the envelope had been partially constructed (covered singlestory stage, Fig. 4B ). These observations suggest that the timing of envelope initiation varies across individual nests, particularly the swarm size. (3) More combs are then added downwards, and the envelope is expanded and modified as the combs grow (multiplestory stage, Fig. 4C, D) , as seen in some species of Parachartergus and Pseudopolybia (Wenzel 1991) . This process differs from that seen in R. extrema, an Icarielia species distributed in the Philippines. In R. extrema a full-sized envelope seems to be constructed soon after initiation of the first comb, and the combs at the bottom layer face upwards (Kojima and Jeanne 1986 ). The number of entrance holes was considered to be one in all the material examined, but it seems to vary with nest size and some other factors. S.Y. observed in Brisbane, Qld, a big nest constructed on the vertical wall of a house which had several entrance holes along the side.
